
[0001] The present invention relates to plasma processing methods such «8s dry 
etching, sputtering, and plasma CVD, as well as apparatuses therefor, to be used for 
manufacture of semiconductor or other electron devices and micromachines. More 
particularly, the present invention relates to a plasma processing method and apparatus for 
the use of plasma excited with high-frequency power of VHF or UHF band. 



[0002] The present invention further relates to a matching box for a plasma processing 
apparatus to be used for impedance matching in supplying high-frequency power of VHF 
band, in particular, to a counter electrode for plasma excitation or to an antenna, and relates 
to a plasma processing method and apparatus using plasma excited with the high-frequency 
power of VHF band. 

[0003] Japanese Laid-Open Patent Publication No. 8-83696 describes that the use of 
high-density plasma is important in order to meet the trend toward microstructures of 
semiconductors and other electron devices. Furtheiinore, low electron temperature plasma 
has recently been receiving attention by viitue of its high electron density and low electron 
temperature. 

[0004] In the case where a gas having a high negativity, i.e., a gas that tends 

to generate negative ions, such as CI2, SF^, is formed into plasma, when the electron 
temperature becomes about 3 e V or lower, larger amoimts of negative ions are generated than 
with higher electron temperatures. Taking advantage of this phenomenon makes it possible 
to prevent etching configuration abnoiinalities, so-called notch, which may occur when 
positive charges are accumulated at the bottom of micro-patterns due to excessive incidence 
of positive ions. This allows etching of extremely micro pattems to be achieved with high 
precision. 



[0005] Also, in the case where a gas containing carbon and fluorine, such as 

C^Fy or QHyF^ (where x, y, z are natural numbers), which is generally used for etching of 
jnsulatin g films such as silicon oxide, is formed into plasma, w hen the electron temperature 
becomes about 3 eV or lower, gas dissociation is suppressed more than with higher electron 
temperatures, where, in particular, generation of F atoms, F radicals and the like is 
suppressed. Because F atoms, F radicals and the like are higher in the rate of silicon etching, 
insulating film etching can be carried out at larger selection ratios than silicon etching with 
lower electron temperatures. 

[0006] Also, when the electron temperature becomes 3 eV or lower, ion 

temperature and plasma potential also becomes lower, so that ion damage to the substrate in 
plasma CVD can be reduced. 

[0007] As a technique capable of generating plasma having low electron 

temperature, plasma sources using high-frequency power of VHF band or UHF band are now 
receiving attention. 

[0008] Fig. 1 5 is a sectional view of a dual-frequency excitation parallel-flat plate type 
plasma processing apparatus. Referring to Fig. 15, while the interior of a vacuum chamber 
201 is maintained at a specified pressure by introducing a specified gas from a gas supply 
unit 202 into the vacuum chamber 20 1 and simultaneously performing evacuation by a pump 
203 as an evacuating device, a high-frequency power of 100 MHz is supplied to a counter 
electrode 205 by a counter-electrode-use-high-frequency power supply 204. Then, plasma 
is generated in the vacuum chamber 201, where plasma processing such as etching, 
deposition, and siuface reforming can be cairied out on a substrate 207 placed on a substrate 
electrode 206. In this case, as shown in Fig. 15, by supplying high-frequency power also to 
the substrate electrode 206 by a substrate-electrode-use-high-frequency power supply 208, 
ion energy that reaches the substrate 207 can be controlled. In addition, the coimter 
electrode 205 is insulated from the vacuum chamber 201 by an insulating ring 211. 
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[0009] Fig. 16 is a sectional view of a plasma processing apparatus which we have 
already proposed and which has an antenna type plasma source moimted thereon. Referring 
■toJEi g. 16, while the interior of a vacuum chamber 301 is mainta ined at a specified pressure 
by introducing a specified gas from a gas supply unit 302 into the vacuum chamber 301 and 
simultaneously performing evacuation by a pump 303 as an evacuating device, a 
high-frequency power of 100 MHz is supplied to a spiral antenna 3 13 on a dielectric window 
3 14 by an antenna-use-high-frequency power supply 3 12. Then, plasma is generated in the 
vacuimi chamber 301 by electromagnetic waves radiated into the vacuum chamber 301, 
where plasma processing such as etching, deposition, and surface reforming can be carried 
out on a substrate 307 placed on a substrate electrode 306. In this case, as shown in Fig. 16, 
by supplying high-frequency power also to the substrate electrode 306 by a 
substrate-electrode-use-high-frequency power supply 308, ion energy that reaches the 
substrate 307 can be controlled. 

[GDI 0] However, there has been an issue that the conventional methods shown in Figs. 
15 and 16 have difficulty in obtaining uniform plasma generation, 

[0011] Fig. 17 shows results of measuring ion saturation current density at a position 
just 20 mm above the substrate 207 in the plasma processing apparatus of Fig. 15. 
Conditions for plasma generation are gas type of CI2 and gas flow rate of 100 seem, a 
pressure of 1 Pa, and a high-frequency power of 2 kW. It can be understood from Fig, 17 
that plasma density is higher in peripheral regions. 

[0012] Fig. 1 8 shows results of measuring ion saturation current density at a position 
just 20 mm above the substrate 307 in the plasma processing apparatus of Fig. 16. 
Conditions for plasma generation are gas type of CI2 and gas flow rate of 100 seem, a 
pressure of 1 Pa, and a high-frequency power of 2 kW. It can be understood from Fig. 18 
that plasma density is higher in peripheral regions, 

[0013] Such nonuniformity of plasma is a phenomenon that could not be seen with the 
frequency of the high-frequency power of 50 MHz or less. Whereas the 50 MHz or higher 
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high-frequency power needs to be used in order to lower the electron temperature of plasma, 
there are produced, in this frequency band, not only an advantage that plasma is generated 
by the counter electrode or antenna being capacit ively or inductively coupled to the plasma, 
but also an advantage that plasma is generated by electromagnetic waves, which are radiated 
from the counter electrode or antenna, propagating on the surface of the plasma, hi 
peripheral regions of the vacuum chamber, which serve as reflecting surfaces for the 
electromagnetic waves that have propagated on the surface of the plasma, stronger electric 
fields are developed so that thick plasma is generated. 

[0014] Also, as described above, in the case where a gas having a high negativity, i.e., 
a gas that tends to generate negative ions, such as CI2, SF^, is formed into plasma, when the 
electron temperature becomes about 3 eV or lower, larger amounts of negative ions are 
generated than with higher electron temperatures. Taking advantage of this phenomenon 
makes it possible to prevent a phenomenon that perpendicularity of the incident angle of ions 
onto the substrate worsens when positive charges are accxmiulated at the bottom of 
micro-pattems due to excessive incidence of positive ions. This allows etching of extremely 
micro patterns to be achieved with high precision. Besides, that is an expectation for process 
improvement making use of the high reactivity of negative ions. 

[0015] Also, in the case where a gas containing carbon and fluorine, such as QFy or 
QHyF^ (where x, y, z are natural numbers), which is generally used for etching of insulating 
films such as silicon oxide, is formed into plasma, when the electron temperature becomes 
about 3 eV or lower, gas dissociation is suppressed more than with higher electron 
temperatures, where, in particular, generation of F atoms, F radicals and the like is 
suppressed. Because F atoms, F radicals and the like are higher in the rate of silicon etching, 
insulating fihn etching can be carried out at larger selection ratios than silicon etching with 
lower electron temperatures. 
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[00161 Also, when the electron temperature becomes 3 eV or lower, ion temperature 
and plasma potential also become lower, so that ion damage to the substrate in plasma C VD 

-ean-be-reduced 

[0017] It is plasma sources using high-frequency power of VHF band that is ciurently 
receiving attention as a technique capable of generating plasma low in electron temperature 
and capable of generating plasma superior in ignitability. 

[0018] Fig. 24 is a sectional view of a dual-frequency excitation parallel-flat plate type 
plasma processing apparatus. Referring to Fig. 24, while the interior of a vacuum chamber 
401 is maintained at a specified pressure by introducing a specified gas from a gas supply 
unit 402 into the vacuum chamber 40 1 and simultaneously performing evacuation by a pump 
403 as an evacuating device, a high-frequency power of 100 MHz is supplied to a counter 
electrode 407 via a matching box 405 and a high-frequency coupling device (mount) 406 by 
a counter-electrode-use-high-fi'equency power supply 404. Then, plasma is generated in the 
vacumn chamber 401, where plasma processing such as etching, deposition, and surface 
reforming can be carried out on a substrate 409 placed on a substrate electrode 408. In this 
case, as shown in Fig. 24, by also supplying high-frequency power to the substrate electrode 
408 by a substrate-electrode-use-high-firequency power supply 410, ion energy that reaches 
the substrate 409 can be controlled. In addition, the counter electrode 407 is insulated fi-om 
the vacuum chamber 401 by an insulating ring 411. The matching box 405 comprises a 
high-frequency input terminal 412, a first vaiiable capacitor 413, a high-frequency output 
terminal 414, a second variable capacitor 415, a first motor 416, a second motor 417, and a 
motor control circuit 418. 

[0019] However, there has been an issue that the conventional method shown in Fig. 
24 has difficulty in obtaining uniform plasma generation. 

[0020] Fig. 25 shows results of measuring ion saturation current density at a position 
just 20 mm above the substrate 409 in the plasma processing apparatus of Fig. 24. 
Conditions for plasma generation are gas type of CI2 and gas flow rate of 100 seem, a 
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pressure of 2 Pa and a high-frequency power of 1 kW. Also, as shown in Fig. 24, the second 
variable capacitor 415 is disposed on one side of the measuring position in Fig. 25. It can 
be understood from Fig. 25 that plasma density is h igher on one side of the measuring 
position, i.e., just below the second variable capacitor 415. 

[002 1 ) Such nommiformity of plasma is a phenomenon that could not be seen with the 
frequency of the high-frequency power of 50 MHz or less. Whereas the 50 MHz or higher 
high-frequency power needs to be used in order to lower the electron temperature of plasma, 
there develops, in this frequency band, a potential distribution m the counter electrode 407. 
It can be deduced that this potential distribution, affected by the placement of the second 
variable capacitor 415 within the matching box 405, acts to sti engthen the electric fields just 
below the second variable capacitor 415, resulting in nonuniformity of plasma generation. 
[0022] Such a phenomenon could be seen with such an arrangement as shown in Fig. 
26 in which a spiral anterma 420 is used instead of the coimter electrode 407. In the prior 
art example shown in Fig. 26, a dielectric window 421 is used. 

Summary of the Invention 
[0023] In view of these issues of the prior art, an object of the present invention is to 
provide a plasma processing method and apparatus, as well as a matching box for a plasma 
processing apparatus, capable of generating uniform plasma. 

[0024] In order to achieve the above object, the present invention has the following 
constitutions. 

[0025] In accomplishing these and other aspects, according to a 1st aspect of the 
present invention, there is provided a plasma processing method for generating plasma within 
a vacuum chamber and processing a substrate placed on a substrate electrode within the 
vacuum chamber. The method comprises generating the plasma by supplying a 
high-frequency power having a frequency of 50 MHz to 3 GHz to a counter electrode 
provided opposite to the substrate while interior of the vacuum chamber is controlled to a 
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specified pressure by introducing gas into the vacuum chamber and, simultaneously 
therewith, evacuating the interior of the vacuum chamber. The substrate is processed using 
the generated plasma while plasma distribution of the plasma on the substrate is controlled 
by an annular, groove-like plasma trap provided opposite to the substrate. 
[0026] According to a 2nd aspect of the present invention, there is provided a plasma 
processing method for generating plasma within a vacuum chamber and processing a 
substrate placed on a substrate electrode within the vacuum chamber. The method comprises 
generating the plasma by radiating electromagnetic waves into the vacuum chamber via a 
dielectric window provided opposite to the substrate by supplying a high-frequency power 
having a frequency of 50 MHz to 3 GHz to an antenna while the interior of the vacuum 
chamber is controlled at a specified pressure by introducing gas into the vacuum chamber 
and, simultaneously therewith, evacuating the interior of the vacuum chamber. The substrate 
is processed using the generated plasma while plasma distribution of the plasma on the 
substrate is controlled by an annular, groove-like plasma trap provided opposite to the 
substrate. 

[0027] According to a 3rd aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the substrate is processed while a 
portion surrounded by the plasma trap out of a surface forming an inner wall surface of the 
vacuum chamber and opposing the substrate has an area 0.5 to 2.5 times that of the substrate. 
[0028] According to a 4th aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the substrate is processed while the 
plasma trap has a groove width of 3 mm to 50 mm. 

[0029] According to a 5th aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the substrate is processed while the 
plasma has a groove depth of not less than 5 mm. 
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[0030] According to a 6th aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the substrate is processed while the 
plasma trap is provided in the counter electrode. 

[0031] According to a 7th aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the plasma is generated while the 
plasma trap is provided outside an insulating ring for insulating the vacuum chamber and the 
counter electrode from each other. 

[0032] According to an 8th aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the plasma is generated while the 
plasma trap is provided between the counter electrode and an insulating ring for insulating 
the vacuum chamber and the counter electrode from each other. 

[0033] According to a 9th aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the plasma is generated while the 
plasma trap is provided between the vacuum chamber and an insulating ring for insulating 
the vacuum chamber and the counter electiode from each other. 

[0034] According to a 10th of the present invention, there is provided a plasma 
processing method according to the 2nd aspect, wherein the plasma is generated while the 
plasma trap is provided in the dielectric window. 

[0035] According to an 11th aspect of the present invention, there is provided a 
plasma processing method according to the 2nd aspect, wherein the plasma is generated 
while the plasma trap is provided outside the dielectric window. 

[0036] According to a 12th aspect of the present invention, there is provided a plasma 
processing method according to the 2nd aspect, wherein the plasma is generated while the 
plasma trap is provided between the vacuum chamber and the dielectric window. 
[0037] According to a 1 3 th aspect of the present invention, there is provided a plasma 
processing method according to the 1st aspect, wherein the plasma is generated while DC 
magnetic fields are absent within the vacuum chamber. 
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[0038] According to a 14th aspect of the present invention, there is provided a plasma 
processing apparatus comprising a vacuum chamber; a gas supply imit for supplying gas into 
th e vacuum chamber; an evacuating device for ev acuating the interior of the vacuum 
chamber; a substrate electrode for placing thereon a substrate within the vacuum chamber; 
a counter electrode provided opposite to the substrate electrode; high-frequency power 
supply capable of supplying a high-frequency power having a frequency of 50 MHz to 3 
GHz to the counter electrode; and an annular, gioove-like plasma trap provided opposite to 
the substrate. 

[0039] According to a 1 5th aspect of the present invention, there is provided a plasma 
processing apparatus comprising: a vacuum chamber; a gas supply unit for supplying gas into 
the vacuum chamber; an evacuating device for evacuating the interior of the vacuum 
chamber; a substrate electrode for placing thereon a substrate within the vacuum chamber; 
a dielectric window provided opposite to tlie substiate electrode; an antenna for radiating 
electromagnetic waves into the vacuum chamber via the dielectric window; a high-frequency 
power supply capable of supplying a high-frequency power having a frequency of 50 MHz 
to 3 GHz to the antenna; and an annular, groove-like plasma trap provided opposite to the 
substrate. 

[0040] According to a 1 6th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th aspect, wherein a portion surrounded by the 
plasma trap out of a surface forming an inner wall surface of the vacuum chamber and 
opposing the substrate has an area 0.5 to 2.5 times that of the substrate. 
[0041] According to a 1 7th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th aspect, wherein the plasma trap has a groove 
width of 3 mm to 50 mm. 

[0042] According to a 1 8th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th or 15th aspect, wherein the plasma trap has a 
groove depth of not less than 5 mm. 
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[0043] According to a 1 9th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th aspect, wherein the plasma trap is provided in the 

■coimter-electFode^ 

[0044] According to a 20th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th aspect, wherein the plasma trap is provided in an 
insulating ring for insulating the vacuum chamber and the counter electrode from each other. 
[0045] According to a 2 1 st aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14tli aspect, wherein the plasma trap is provided 
outside an insulating ring for insulating the vacuum chamber and the counter electrode from 
each other. 

[0046] According to a 22nd aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th aspect, wherein the plasma trap is provided 
between the counter electrode and an insulating ring for insulating the vacuum chamber and 
the counter electrode from each other. 

[0047] According to a 23rd aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th aspect, wherein the plasma trap is provided 
between the vacuum chamber and an insulating ring for insulating the vacuum chamber and 
the counter electrode from each other. 

[0048] According to a 24th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 1 5th aspect, wherein the plasma trap is provided in the 
dielectric window. 

[0049] According to a 25th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 15th aspect, wherein the plasma trap is provided 
outside the dielectric window. 

[0050] According to a 26th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 15th aspect, wherein the plasma trap is provided 
between the vacuum chamber and the dielectiic window. 
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[0051] According to a 27th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 14th aspect, wherein no coil or permanent magnet for 

applying-Q&-magn&ijfi4i^a^^ the vacuum chamber. 

[0052] According to a 28th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 1st aspect, further comprising a matching box for use 
in the plasma processing apparatus and for taking impedance matching in supplying 
high-frequency power to a load. The matching box comprises a high-frequency input 
terminal; a first reactive element having one end connected to the high-frequency input 
terminal and the other end connected to a matching box casing; a high-frequency output 
terminal; and a second reactive element having one end connected to the high-frequency 
input terminal and the other end connected to the high-frequency output terminal. The 
second reactive element and the high-frequency output terminal are so arranged that the 
second reactive element is located on a straight line passing through a center axis of the 
high-frequency output terminal. 

[0053] According to a 29th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 28th aspect, wherein the first reactive element and the 
second reactive element are capacitors, respectively. 

[0054] According to a 30th aspect of the present invention, there is provided a 
matching box for use in a plasma processing apparatus and for taking impedance matching 
in supplying high-frequency power to a load. The matching box comprises a high-frequency 
input terminal; a first reactive element having one end connected to the high-frequency input 
terminal and the other end connected to a matching box casing; a high-frequency output 
terminal; and a second reactive element having one end connected to the high-frequency 
input terminal and the other end connected to the high-frequency output terminal. The 
second reactive element and the high-frequency output terminal are so arranged that the 
second reactive element is located on a straight line passing through a center axis of the 
high-frequency output terminal. 
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[0055] According to a 31st aspect of the present invention, there is provided a 
matching box for a plasma processing appaiatus according to the 30th aspect, wherein the 
second r eactive element and the high-frequency output terminal are arranged so that a 
straight line passing through a center axis of the second reactive element and a straight line 
passing through the center axis of the high-frequency output terminal are generally 
coincident with each other. 

[0056] According to a 32nd aspect of the present invention, there is provided a 
matching box for a plasma processing apparatus according to the 30th aspect, wherein the 
first reactive element and the second reactive element are capacitors, respectively. 
[0057] According to a 33rd aspect of the present invention, there is provided a 
matching box for a plasma processing apparatus according to the 30th aspect, wherein the 
first reactive element and the second reactive element are arranged so that a straight line 
passing through a center axis of the second reactive element and a straight line passing 
through a center axis of the first reactive element are generally coincident with each other. 
[0058] According to a 34th aspect of the present invention, there is provided a 
matching box for a plasma processing apparatus according to the 30th aspect, wherein the 
high-frequency output terminal is the other end itself of the second reactive element. 
[0059] According to a 35th aspect of the present invention, there is provided a plasma 
processing method for generating plasma within a vacuum chamber and processing a 
substrate placed on a substrate electrode within the vacuum chamber. The method comprises 
arranging a straight line passing thi ough a center axis of the high-frequency coupling device, 
a straight line passing through a center axis of the counter electrode or antenna, and a straight 
line passing through a center axis of the substrate so as to be generally coincident together. 
The interior of the vacuum chamber maintained at a specified pressure by introducing a gas 
into the vacuum chamber and, simultaneously therewith, exhausting the interior of the 
vacuum chamber. The plasma is generated by applying a high-frequency power having a 
frequency of 50 MHz to 300 MHz to a counter electrode or antenna provided opposite to the 
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substrate via the matching box as defined in the 30th aspect and a high-frequency coupling 
device provided to connect a high-frequency output terminal of the matching box and the 
.c£mnter_electrod e or antenna to each other. The substrate is then processed by using 
generated plasma. 

[0060] According to a 36th aspect of the present invention, there is provided a plasma 
processing method according to the 35th aspect, in which the following additional steps are 
accomplished before maintaining the interior of the vacuum chamber at the specified 
pressure. A straight line passing through a center axis of the high-frequency output terminal 
and a straight line passing through the center axis of the high-frequency coupling device as 
arranged so as to be generally coincident with each other. The plasma is generated with the 
straight line passing through the center axis of the high-frequency output terminal and the 
straight line passing through the center axis of the high-frequency coupling device being 
generally coincident with each other. 

[006 1 1 According to a 3 7th aspect of the present invention, there is provided a plasma 
processing method according to the 35th aspect, in which the following additional steps are 
accomplishing before maintaining the interior of the vacuum chamber at the specified 
pressure. The first reactive element and the second reactive element are arranged so that a 
straight line passing through a center axis of the second reactive element and a straight line 
passing through a center axis of the first reactive element are generally coincident with each 
other. The plasma is generated with the straight line passing through the center axis of the 
second reactive element and the straight line passing through the center axis of the fu*st 
reactive element being generally coincident with each other. 

[0062] According to a 3 8th aspect of the present invention, there is provided a plasma 
processing method according to the 35th aspect, in which before maintaining the interior of 
the vacuum chamber at the specified pressure, the high-frequency output terminal is arranged 
so as to be the other end itself of the second reactive element, and the plasma is generated 
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with the high-frequency output terminal being the other end itself of the second reactive 
element. 

[0063] According to a 39th aspect of the present invention, there is provided a plasma 
processing method according to the 35 th aspect, in which before controlling the interior of 
the vacuum chamber at the specified pressure, a substantial distance is arranged from the 
other end of the second reactive element to the counter electrode or antenna so as not to be 
more than 1/10 of the wavelength of the high-frequency power. The plasma is generated 
with the substantial distance from the other end of the second reactive element to the counter 
electrode or antenna being not more than 1/10 of the wavelength of the high-frequency 
power. 

[0064] According to a 40th aspect of the present invention, there is provided a plasma 
processing method for generating plasma within a vacuum chamber and processing a 
substrate placed on a substrate electrode within the vacuum chamber. The method comprises 
arranging a straight line passing through a center axis of the high-frequency coupling device, 
a straight line passing through a center axis of the counter electrode or antenna, and a straight 
line passing through a center axis of the substrate so as to be generally coincident together. 
The interior of the vacuimi chamber is maintained at a specified pressure by introducing a 
gas into the vacuum chamber and, simultaneously therewith, the interior of the vacuum 
chamber is exhausted. The plasma is generated by applying a high-frequency power having 
a frequency of 50 MHz to 300 MHz to a counter electrode or antenna provided opposite to 
the substrate via the matching box as defined in the 30th aspect and a high-frequency 
coupling device provided to connect a high-frequency output terminal of the matching box 
and the counter electrode or antenna to each other, and the substrate is processed by using 
the generated plasma. 

[0065] According to a 4 1 st aspect of the present invention, there is provided a plasma 
processing method according to the 40th aspect, in which before controlling the interior of 
the vacuum chamber to the specified pressure, a straight line passing through a center axis 
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of the high-frequency output terminal and a sti aight line passing through the center axis of 
the high-frequency coupling device a re arranged so as to be generally coincident with each 
other. The plasma is generated with the straight line passing through the center axis of the 
high-frequency output terminal and the sd aight line passing through the center axis of the 
high-frequency coupling device being generally coincident with each other. 
[0066] According to a 42nd aspect of the present invention, there is provided a plasma 
processing method according to the 40th aspect, in which before controlling the interior of 
the vacuum chamber at the specified pressure, the fnst variable capacitor and the second 
variable capacitor are arranged that a straight line passing through a center axis of the second 
variable capacitor and a straight line passing through a center axis of the first variable 
capacitor are generally coincident with each other. The plasma is generated with the straight 
line passing through the center axis of the second variable capacitor and the straight line 
passing through the center axis of the first variable capacitor being generally coincident with 
each other. 

[0067] According to a 43 rd aspect of the present invention, there is provided a plasma 
processing method according to the 40th aspect, in which before controlling the interior of 
the vacuum chamber to the specified pressure, the high-frequency output terminal is 
arranged so as to be the other end itself of the second reactive element. The plasma is 
generated with the high-frequency output terminal being the other end itself of the second 
variable capacitor. 

[0068] According to a 44th aspect of the present invention, there is provided a plasma 
processing method according to the 40th aspect, in which before controlling the interior of 
the vacuum chamber to the specified pressure, a substantial distance is arranged from the 
other end of the second variable capacitor to the counter electrode or anteima so as to be not 
more than 1/10 of wavelength of the high-frequency power. The plasma is generated with 
the substantial distance from the other end of tlie second variable capacitor to the counter 
electrode or antenna to be not more than 1/10 of wavelength of the high-frequency power. 
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[0069] According to a 45th aspect of the present invention, there is provided a plasma 
■praoes sing apparatus comprising: a vacuum cham ber; a gas supply unit for supplying gas into 
the vacuum chamber; an evacuating device for evacuating the interior of the vacuum 
chamber; a substrate electrode for placing thereon a substrate within the vacuum chamber; 
a counter electrode or an antenna provided opposite to the substrate electrode; a 
high-frequency power supply capable of supplying a high-frequency power having a 
frequency of 50 MHz to 300 MHz to the counter electrode or antenna; the matching box as 
defined in the 30th aspect; and a high-frequency coupling device for connecting the 
high-frequency output terminal of the matching box and the counter electrode or antenna to 
each other. A straight line passing through a center axis of the high-frequency coupling 
device, a straight line passing through a center axis of the counter electrode or antenna, and 
a straight line passing through a center axis of the substrate are arranged so as to be generally 
coincident together. 

[0070] According to a 46th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 45th aspect, wherein a straight line passing through 
a center axis of the high-frequency output terminal and a straight line passing through the 
center axis of the high-frequency coupling device are arranged so as to be generally 
coincident with each other. 

[0071] According to a 47th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 45th aspect, wherein the first reactive element and the 
second reactive element are arranged so that a straight line passing through a center axis of 
the second reactive element and a straight line passing through a center axis of the first 
reactive element are generally coincident with each other. 

(00721 According to a 48th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 45th aspect, wherein the high-frequency output 
terminal is the other end itself of the second reactive element. 
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[0073] 



According to a 49th aspect of the present invention, there is provided a plasma 



-pracessing_ apparatus according to the 45th aspect, wherein substantial distance from the 
other end of the second reactive element to the comiter electrode or antenna is not more than 
1/10 of wavelength of the high-frequency power. 



processing apparatus comprising a vacuum chamber; a gas supply imit for supplying gas into 
the vacuum chamber; an evacuating device for evacuating the interior of the vacuum 
chamber; a substrate electrode for placing thereon a substrate within the vacuum chamber; 
a counter electrode or an antenna provided opposite to the substrate electrode; a 
high-frequency power supply capable of supplying a high-frequency power having a 
frequency of 50 MHz to 300 MHz to the counter electrode or antenna; the matching box as 
defmed in the 30th aspect; and a high-frequency coupling device for connecting the 
high-frequency output terminal of the matching box and the counter electrode or antenna to 
each other. A straight line passing thi ough a center axis of the high-frequency coupling 
device, a straight line passing through a center axis of the counter electrode or antenna, and 
a straight line passing through a center axis of the substrate are arranged so as to be generally 
coincident together. 

[0075] According to a 5 1 st aspect of the present invention, there is provided a plasma 
processing apparatus according to the 50th aspect, wherein the plasma is generated while the 
straight line passing through the center axis of the high-frequency output terminal and the 
straight line passing through the center axis of the high-frequency coupling device are 
arranged so as to be generally coincident with each other. 

[0076] According to a 52nd aspect of the present invention, there is provided a plasma 
processing apparatus according to the 50th aspect, wherein a first variable capacitor and a 
second variable capacitor are arranged so that a straight line passing through a center axis 
of the second variable capacitor and a sti aight line passing through a center axis of the first 
variable capacitor are generally coincident with each other. 




[0074] 



According to a 50th aspect of the present invention, there is provided a plasma 
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[0077] According to a 53rd aspect of the present invention, there is provided a plasma 
processing apparatus according to the 50th aspect, wherein the high-frequency output 

teraiinal4s-the-other-endr-itsdf-otth^ 

[0078] According to a 54th aspect of the present invention, there is provided a plasma 
processing apparatus according to the 50th aspect, wherein a substantial distance from the 
other end of the second variable capacitor to the counter electrode or antenna is not more 
than 1/10 of the wavelength of the high-frequency power. 

Brief Description of the Drawings 
[0079] These and other aspects and features of the present invention will become clear 
from the following description taken in conjunction with the preferred embodiments thereof 
with reference to the accompanying drawings, in which: 

[0080] Fig. 1 A is a sectional view showing the constitution of a plasma processing 

apparatus employed in a fnst embodiment of the present invention; 

[0081] Fig. IB is apian view of plasma trap of the plasma processing apparatus of Fig. 

lA; 

[0082] Fig. 2 is a chart showing measuring results of ion saturation current density in 
the first embodiment of the present invention; 

[0083] Fig. 3 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a second embodiment of the present invention; 

[0084] Fig. 4 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a third embodiment of the present invention; 

[0085] Fig. 5 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a fourth embodiment of the present invention; 

[0086] Fig. 6 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a fifth embodiment of the present invention; 
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[0087] Fig. 7 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a sixth embodiment of the present invention; 

[0088] Fig. 8 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a seventh embodiment of the present invention; 

[0089] Fig. 9 is a chart showing measuring results of ion saturation current density in 

the seventh embodiment of the present invention; 

[0090] Fig. 10 is a sectional view showing the constitution of a plasma processing 

apparatus employed in an eighth embodiment of the present invention; 

[0091] Fig, 1 1 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a ninth embodiment of the present invention; 

[0092] Fig. 12 is a sectional view showing the constitution of a plasma processing 

apparatus employed in another embodiment of the present invention; 

[0093] Fig. 13 is a sectional view showing the constitution of a plasma processing 

apparatus employed in another embodiment of the present invention; 

[0094] Fig. 14 is a plan view of the constitution of plasma traps employed in another 

embodiment of the present invention; 

[0095] Fig. 15 is a sectional view showing the constitution of a plasma processing 
apparatus employed in a prior art example; 

[0096] Fig. 16 is a sectional view showing the constitution of a plasma processing 
apparatus employed in a prior ait example; 

[0097] Fig. 17 is a chart showing measuring results of ion saturation current density 
in a prior art example; 

[0098] Fig. 18 is a chart showing measuring results of ion saturation current density 
in a prior art example; 

[0099] Fig. 19 is a sectional view showing the constitution of a plasma processing 
apparatus employed in a tenth embodiment of the present invention; 
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[0100] Fig. 20 is a chart showing measuring results of ion saturation current density 
in the tenth embodiment o f the present invention; 

[0101] Fig. 21 is a sectional view showing the constitution of a plasma processing 

apparatus employed in an eleventh embodiment of the present invention; 

[0102] Fig. 22 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a twelfth embodiment of the present invention; 

[0103] Fig. 23 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a thirteenth embodiment of the present invention; 

[0104] Fig. 24 is a sectional view showing the constitution of a plasma processing 

apparatus employed in a prior art example; 

[0105] Fig. 25 is a chart showing measuring results of ion saturation current density 
in the prior art example; 

[0106] Fig. 26 is a sectional view showing the constitution of a plasma processing 
apparatus employed in another prior art example; 

[0107] Fig. 27 is a sectional view showing the constitution of a plasma processing 
apparatus employed in a modification of the third embodiment of the present invention; 
[0108] Fig. 28 is a sectional view showing the constitution of a plasma processing 
apparatus employed in a modification of the eighth embodiment of the present invention; 
[0109] Fig. 29 is a sectional view showing the constitution of a plasma processing 
apparatus where the plasma processing apparatus in the tenth embodiment of the present 
invention in Fig. 19 and the plasma processing apparatus in the modification of the third 
embodiment of the present invention in Fig. 27 are combined with each other; and 
[0110] Fig. 30 is a sectional view showing the constitution of a plasma processing 
apparatus where the plasma processing appaiatus in the eleventh embodiment of the present 
invention in Fig. 21 and the plasma processing apparatus in the modification of the eighth 
embodiment of the present invention in Fig. 28 are combined with each other. 
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Detailed Description of the Preferred Embodiments 
[0111] Before the description of the present invention proceeds, it is to be noted that 
like parts are designated by like reference numerals throughout the accompanying drawings. 
[0112] Hereinbelow, embodiments according to the present invention are described 
in detail with reference to the accompanying drawings. 

[01 13] A first embodiment of the present invention is described below with reference 
to Figs. 1 A, IB, and 2. 

5*e/^ ^ [O'H^] Fig. 1 A shows a sectional view of a plasma processing apparatus employed in 
' the fii^tvembodiment of the present invention. Refemng to Fig. 1 A, while the interior of a 
vacuum ch^ber 1 is maintained at a specified pressure by introducing a specified gas from 
a gas supply unil^2 into the vacuum chamber 1 and by simultaneously performing evacuation 
by a pump 3 as an eV^cuating device, a high-frequency power of 100 MHz is supplied to a 
coimter electrode 5 by ascounter-electrode-use-high-frequency power supply 4. Then, 
plasma is generated in the vacuum chamber 1, where plasma processing such as etching, 
deposition, and surface reforming can be carried out on a substrate 7 placed on a substrate 
electrode 6. A substrate-electroo^use-high-frequency power supply 8 for supplying 
high-frequency power to the substrate electrode 6 is also provided, so that ion energy that 
reaches the substrate 7 can be controlled. Aho, an annular, groove-like plasma trap 9 shown 
in Figs. lA and IB is provided opposite to the shbstrate 7, making it possible to process the 
substrate 7 while the plasma distribution on the sxibstrate 7 is controlled. The plasma trap 
9 is provided in the counter electrode 5. Out of surfaces foiming iimer wall surfaces of the 
vacuum chamber 1 and opposing the substrate 7, an elecS;ode portion 10 (cross hatched 
portion) surrounded by the plasma ti ap 9 has an area 0.8 time th^ of the substrate 7, as one 
example. Also, the groove width of the plasma trap 9 is 10 mm, andsAe groove depth of the 
plasma trap 9 is 15 mm, as one example. In addition, the counter ele^s±rode 5 is insulated 
from the vacuum chamber 1 by an insulating ring 1 1 . \^ 
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[0115] Fig. 2 shows measuring results of ion saturation current density at a position 
just 20 mm above the substrate 7. Conditions for plasma generation are gas type of C12 and 
gas flow rate of 100 seem, a pressure of 1 Pa, and a high-frequency power of 2 kW, as one 
example. It can be understood from Fig. 2 that tlie tendency for plasma to be richer in 
peripheral regions as shown in Fig. 17 is suppressed, and that uniform plasma is generated. 
[0116] The reason why the unifoimity of plasma is improved like this as compared 
with the plasma processing apparatus shown in Fig. 15 of the prior art example could be 
considered as follows. Electromagnetic waves radiated from the counter electrode 5 are 
intensified by the plasma trap 9. Also, since plasma of low electron temperature tends to 
cause hollow cathode discharge, high density plasma (hollow cathode discharge) is more 
likely to be generated by the plasma trap 9 sun ounded by the solid surfaces. Accordingly, 
in the vacuum chamber 1, plasma density becomes the highest at the plasma trap 9, and 
through transport of plasma to vicinities of the substrate 7 by diffusion, uniform plasma can 
be obtained. 

[0117] In addition, the hollow cathode dischaige is as described below. Generally, 
because a solid surface in contact with plasma is negatively charged due to differences in 
thermal motion velocity between electrons and ions, DC electric fields that repel electrons 
from the solid surface are generated on the solid surface. In a space surrounded by solid 
surfaces, as in the plasma trap 9 illusti ated in the first embodiment of the present invention, 
the probability of electrons colliding with the solid surfaces is lowered by the presence of 
the DC electric fields, prolonging the life of the electrons. As a result, high-density plasma 
is generated in the plasma trap 9. Such a discharge is referred to as hollow cathode 
discharge. 

[0118] The first embodiment of the present invention has been described above for the 
case where the plasma trap 9 is provided in the counter electiode 5. In this case, however, 
there is a possibility that a self-bias voltage developed at the counter electrode 5 causes 
high-density ions present in the plasma ti ap 9 to collide with the counter electrode 5 at a high 
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energy level so that sputtering of the counter electi ode 5 may occur. The sputtering of the 
counter electrode 5 may shorten the life of the counter electrode 5 or mix impurities into the 
substrate 7, thus bemg undesu-able. This can be avoided by providing the plasma trap in 
portions other than the counter electrode 5. For example, the plasma trap 9 may be provided 
in the insulating ring 11 as shown in a second embodiment of Fig. 3. Also, the plasma trap 
9 may be provided outside the insulating ring 1 1, that is, in a metallic upper wall la of the 
vacuum chamber 1 as shown in a third embodiment of Fig. 4. Further, when the plasma trap 
9 is provided between the counter electrode 5 and tlie insulating ring 1 1 as shown in a fourth 
embodiment of Fig, 5 or a fifth embodiment of Fig. 6, improvement can be attained more or 
less. Furthermore, the plasma trap 9 may be provided between the upper wall la of the 
vacuum chamber 1 and the insulating ring 1 1 as shown in a sixth embodiment of Fig. 7, 
[0119] In Fig. lA, the plasma trap 9 is defined by three faces, that is, an inner face, 
an upper face, and an outer face of the counter electrode 5. hi Fig. 3, the plasma trap 9 is 
defined by three faces, that is, an inner face, an upper face, and an outer face of the 
insulating ring 11. In Fig. 4, the plasma ti ap 9 is defined by three faces, that is, an inner 
face, an upper face, and an outer face of the upper wall la of the vacuum chamber 1. In Fig. 
5, the plasma trap 9 is defined by an inner face formed on the counter electrode 5 and an 
upper face and an outer face formed on the insulating ring 1 1. In Fig. 6, the plasma trap 9 
is defined by an inner face and an upper face fonned on the counter electrode 5 and an outer 
face formed on the insulating ring 1 1 and the upper wall la of the vacuum chamber 1. In 
Fig. 7, the plasma trap 9 is defined by an inner face foimed on the insulating ring 1 1 and an 
upper face and an outer face formed on the upper wall la of the vacuum chamber 1. 
[0120] Next, a seventh embodiment of the present invention is described with 
reference to Figs. 8 and 9. 

[0121] Fig. 8 shows a sectional view of a plasma processing apparatus employed in 
the seventh embodiment of the present invention. Referring to Fig. 8, while the interior of 
a vacuum chamber 1 is maintained at a specified pressure by introducing a specified gas fi'om 
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a gas supply unit 2 into the vacuum chamber 1 and simuhaneously perforaiing evacuation 
by a pump 3 as an evacuating device, a high-frequency power of 100 MHz is supplied to a 
spiral antenna 13 by an antenna-use-high-frequency power supply 12, and electromagnetic 
waves are radiated into the vacuum chamber 1 via a dielectric window 14 provided opposite 
the substrate 7 placed on the substrate electrode 6. Then, plasma is generated in the vacuum 
chamber 1, where plasma processing such as etching, deposition, and surface reforming can 
be carried out on the substrate 7. A substi ate-electrode-use-high-frequency power supply 
8 for supplying high-frequency power to the substrate electrode 6 is provided, so that ion 
energy that reaches the substrate 7 can be conti olled. Also, an annular, groove-like plasma 
trap 9 provided opposite to the substrate 7 makes it possible to process the substrate 7 while 
the plasma distribution on the substi ate 7 is conti olled. The plasma trap 9 is provided in the 
dielectric window 14 so as to be defined by an inner, an upper, and an outer faces formed 
in the dielectric window 14. Out of surfaces of the vacuum chamber 1 opposing the substrate 
7, a wall portion 10 (cross hatched portion) suiTounded by the plasma trap 9 has an area 0.8 
time that of the substrate 7, as one example. Also, the groove width of the plasma trap 9 is 
10 mm, and the groove depth of the plasma ti ap 9 is 15 mm, as one example. 
[0122] Fig. 9 shows measuring results of ion saturation current density at a position 
just 20 nun above the substrate 7. Conditions for plasma generation are gas type of CI2 and 
gas flow rate of 100 seem, a pressure of 1 Pa, and a high-frequency power of 2 kW, as one 
example. It can be understood from Fig. 9 that the tendency for plasma to be richer in 
peripheral regions as shown in Fig. 18 is suppressed, and that uniform plasma is generated. 
[0123] The reason why the unifoimity of plasma is improved like this as compared 
with the plasma processing apparatus shown in Fig. 16 of the prior art example could be 
considered as follows. Electromagnetic waves radiated from the spiral antenna 13 are 
intensified by the plasma trap 9. Also, since plasma of low electron temperature tends to 
cause hollow cathode discharge, high density plasma (hollow cathode discharge) is more 
likely to be generated by the plasma trap 9 sunounded by tlie solid surfaces. Accordingly, 
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in the vacuum chamber 1, plasma density becomes the highest at the plasma trap 9, and 
through transport of plasma to vicinities of the substrate 7 by diffusion, uniform plasma can 
be obtained. 

[0124] The 7th embodiment of the present invention has been described above for the 
case where the plasma trap 9 is provided in the dielectric window 14. However, the plasma 
trap 9 may also be provided outside the dielectric window 14 so as to be defined by three 
faces, that is, an inner face, an upper face, and an outer face formed in the upper wall la of 
the vacuum chamber 1 as shown in an eighth embodiment of Fig. 10. Further, the plasma 
trap 9 may be provided between the vacuum chamber 1 and the dielectric window 14 so as 
to be defined by three faces, that is, an inner face and an upper face formed by the dielectric 
window 14, and an outer face formed by the upper wall la of the vacuimi chamber 1 as 
shown in a 9th embodiment of Fig. 1 1. As shown in Figs. 10 and 1 1, the plasma trap 9 can 
be arranged in the upper surface of the vacuum chamber so that the outer diameter of the 
plasma trap is less than the inner side surface diameter of the vacuum chamber, and a that 
a metallic surface portion la is formed between the outer periphery of the plasma trap and 
the inner side surface of the vacuum chamber 1. 

[0125] The foregoing embodiments of the present invention as described above are 
given only by way of example as part of many variations of the configuration of the vacuum 
chamber 1, the configuration and arrangement of the counter electrode 6 or antenna 13, the 
configuration and arrangement of the dielectiic window 14, and the configuration and 
arrangement of the plasma trap 9, within the application scope of the present invention. It 
is needless to say that the present invention may be applied in other various ways besides the 
examples given above. For example, whereas the foregoing embodiments have been 
described for the case where the counter electrode 6 is circular shaped, the counter electrode 
may also be formed in a polygonal, elliptical, or other shape. Also, whereas in each of the 
foregoing cases, the antenna 13 is spiral shaped, the antenna may be formed in a flat-plate, 
spoke, or other shape. Otherwise, the present invention may also be applied to a 



-25- 



surface-wave plasma proeessing apparatus having a cavity resonator 15, as shown in Fig. 12, 
where the cavity resonator 15 is regarded as an antenna. Furthermore, the present invention 
may be applied to a surface-wave plasma processing apparatus having a cavity resonator 15 
and a slot antenna 16, as shown in Fig. 13. 

[0126] The foregoing embodiments of the present invention have been described for 
the case where the plasma trap 9 is annular shaped. However, die plasma trap 9 may also 
be formed into a polygonal, elliptical, or other shape in accordance with the configuration 
of the substrate 7. Otherwise, the plasma trap 9 may be fonned into a shape that is not a 
closed annular shape but a divisional, yet generally annular shape as shown by the plan view 
of Fig. 14. The above various kinds of arrangement of the plasma trap 9 in Figs. 8, 10, and 
11 etc. can be applied to the apparatus of Figs. 12 and 13. 

[0127] Further, whereas the first or seventh embodiment of the present invention has 
been described for the case where a high-frequency power of 100 MHz is supplied to the 
counter electrode 6 or antenna 13, the frequency is not limited to this and the present 
invention is effective for a plasma processing method and apparatus using frequencies of 50 
MHz to 3 Ghz. 

[0128] Also, each of the first to seventh embodiments of the present invention has 
been described for the case where, out of surfaces forming the inner wall surfaces of the 
vacuum chamber 1 and opposing the substrate 7, the area of the portion surrounded by the 
plasma trap 9 is 0.8 times the area of the substrate 7. However, it is desirable that the area 
of this portion be 0.5 - 2.5 times the area of the substiate 7. If the area of this portion is less 
than 0.5 times the area of the substrate 7, it is difficult to obtain uniform plasma in vicinities 
of the substrate 7 even with a sufficient distance between the substrate 7 and the plasma trap 
9. Also, if the area of this portion is over 2.5 times the area of the substrate 7, it is necessary 
to keep an extremely large distance between the substrate 7 and the plasma trap 9 in order 
to obtain uniform plasma in vicinities of the substrate 7. This, undesirably, would cause the 
apparatus to be increased in size, and an excessive burden would be imposed on the pump 
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3 to hold the interior of the vacuum chamber 1 at a low pressure. For example, when the 
substrate has a diameter of 300 mm and the plasma trap has a diameter of 200 mm, the area 
of this portion surrounded by the plasma trap is 0.5 tmies the area ot the substrate. When 
the substrate has a diameter of 300 mm and the plasma trap has a diameter of 300 mm, the 
area of this portion surrounded by the plasma trap is 2.5 times the area of the substrate. 
[0129] Also, each of the first to seventh embodiments of the present invention has 
been described for the case where the groove width of the plasma trap 9 is 10 mm. However, 
it is desirable that the groove width of the plasma trap 9 be within a range of 3 mm - 50 mm. 
If the groove width is less than 3 mm, or over 50 mm, there is a possibility that hollow 
cathode discharge does not occur by the plasma tiap 9. 

[0130] Also, whereas the foregoing embodiments have been described for the case 
where the groove of the plasma trap 9 is rectangular section-shaped, the groove sectional 
shape may be U-shaped, V-shaped, or a combination of rectangular shape, U-shape, and 
V-shape. 

[0131] Also, each of the first to seventh embodiments of the present invention has 
been described for the case where the groove depth of the plasma trap 9 is 15 mm. However, 
it is desirable that the groove depth of the plasma ti ap 9 be not less than 5 mm. If the groove 
depth is less than 5 mm, there is a possibility that hollow cathode discharge does not occur. 
[0132] The plasma processing apparatus of the third embodiment in Figs. 4 and 10 
may be applied in a case where the area surrounded by the plasma trap 9 is larger than the 
area of the substrate 7. In this case, it is suitable to use per-fluorocarbon gas such as CF4 gas, 
CjFg gas, C4F8 gas, CjFg gas, etc. or hydro-fluorocarbon such as CHF3 gas, CHjFj, etc. 
[0133] On the other hand, a plasma processing apparatus of a modification of the third 
embodiment in Fig. 27 and a plasma processing apparatus of a modification of the eighth 
embodiment in Fig. 28 may be applied in a case where the area surrounded by the plasma 
trap 9 is not larger than the area of the substiate 7. In this case, it is suitable to use 
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Boron-based gas such as HBr gas, or chlorine-based gas such as Clj gas, BCI3 gas, HCl gas 
etc. 

[0134] Please note that although it has been described as one example that the using 
gas is applied depending on the area surrounded by the plasma trap, the optimum selection 
of the using gas is not limited to this. The optimum condition can be determined while 
referring to pressure, power, mixed gas, and the like because the optimiun selection of the 
using gas depends on the conditions such as pressure, power, mixed gas, and the like. 
[0135] Also, the foregoing embodiments of the present invention have been described 
for the case where DC magnetic fields are absent in the vacuum chamber 1. However, the 
present invention is also effective for cases where such large DC magnetic fields as to allow 
high-frequency power to penetrate into the plasma are absent, for example, a case where 
small DC magnetic fields on the order of several tens gausses are used for improvement in 
ignitability. Yet, the present invention is paiticularly effective for cases where DC magnetic 
fields are absent in the vacuum chamber 1. 

[0136] As apparent from the above description, the plasma processing method of the 
present invention for generating plasma within a vacuum chamber and processing a substrate 
placed on a substrate electrode within the vacuum chamber comprises generating the plasma 
by supplying a high-frequency power having a frequency of 50 MHz to 3 GHz to a counter 
electrode provided opposite to the substrate while the interior of the vacuum chamber is 
controlled to maintain a specified pressure by introducing gas into the vacuum chamber. 
Simultaneously, therewith, the interior of the vacuum chamber is evacuated. The substrate 
is processed by using the generated plasma while distribution of the plasma on the substrate 
is controlled by an annular, groove-like plasma trap provided opposite to the substrate. Thus, 
because the substrate is processed while the plasma distribution on the substrate is controlled 
by the annular, groove-like plasma trap provided opposite to the substrate, uniform plasma 
can be generated so that the substrate can be uniformly processed. 
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[0137] Also, the plasma processing method of the present invention for generating 
plasma within a vacuum chamber and processing a substrate placed on a substrate electrode 
within the vacuum chamber comprises generatmg the plasma by radiating electromagnetic" 
waves into the vacuum chamber via a dielectric window provided opposite to the substrate 
by supplying a high-frequency power having a frequency of 50 MHz to 3 GHz to an antenna 
while the interior of the vacuum chamber is controlled to maintain a specified pressure by 
introducing gas into the vacuum chamber. Simultaneously, therewith, the interior of the 
vacuum chamber is evacuated. The substrate is processed by using the generated plasma 
while plasma distribution of the plasma on the substrate is controlled by an annular, 
groove-like plasma trap provided opposite to the substrate. In this method, if the substrate 
is processed while the plasma distribution on the substrate is controlled by the annular, 
groove-like plasma trap provided opposite to the substi ate, uniform plasma can be generated 
so that the substrate can be uniformly processed. 

[0138] Also, the plasma processing apparatus of the present invention comprises a 
vacuum chamber; a gas supply unit for supplying gas into the vacuum chamber; an 
evacuating device for evacuating the interior of the vacuum chamber; a substrate electrode 
for placing thereon a substrate within the vacuum chamber; a counter electrode provided 
opposite to the substrate electrode; high-frequency power supply capable of supplying a 
high-frequency power having a frequency of 50 MHz to 3 GHz to the counter electrode; and 
an annular, groove-like plasma trap provided opposite to the substrate. Thus, uniform plasma 
can be generated so that the substrate can be uniformly processed. 
[0139] Also, the plasma processing apparatus of the present invention comprises a 
vacuum chamber; a gas supply unit for supplying gas into the vacuum chamber; an 
evacuating device for evacuating the interior of the vacuum chamber; a substrate electrode 
for placing thereon a substrate within the vacuum chamber; a dielectric window provided 
opposite to the substrate electrode; an antenna for radiating electromagnetic waves into the 
vacuum chamber via the dielectric window; a high-frequency power supply capable of 
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supplying a high-frequency power having a frequency of 50 MHz to 3 GHz to the antenna; 
and an annular, groove-like plasma trap provided opposite to the substrate. Thus, uniform 
plasma can be generated so ihai the substrate can be umtormly processed. 
[0140] Now, a tenth embodiment of the present invention is described below with 
reference to Figs. 19 and 20. 

[0141] Fig. 19 shows a sectional view of a plasma processing apparatus employed in 
the tenth embodiment of the present invention. Refen ing to Fig. 19, while the interior of a 
vacuum chamber 101 is maintained at a specified pressure by introducing a specified gas 
from a gas supply unit 102 into the vacuum chamber 101 and simultaneously performing 
evacuation by a pump 103 as an evacuating device, a high-frequency power of 100 MHz is 
supplied to a counter electrode 107 by a counter-electrode-use-high-frequency power supply 
104 via a matching box 105 and a high-frequency coupling device (mount) 106. Then, 
plasma is generated in the vacuum chamber 101, where plasma processing such as etching, 
deposition, and surface reforming can be carried out on a substrate 109 placed on a substrate 
electrode 108. A substrate-electrode-use-high-frequency power supply 110 for supplying 
high-frequency power to the substrate electrode 108 is also provided, so that ion energy that 
reaches the substrate 109 can be contioUed. In addition, the counter electrode 107 is 
insulated from the vacuum chamber 101 by an insulating ring 111. 
[0142] The matching box 1 05, which is used to take impedance matching in supplying 
high-frequency power to the coxmter electrode 107 as a load, comprises a high-frequency 
input terminal 1 12, a first variable capacitor 1 13, a high-frequency output terminal 1 14, a 
second variable capacitor 1 15, a first motor 1 16, a second motor 117, and a motor control 
circuit 118. One end of the first variable capacitor 1 13 is connected to the high-frequency 
input terminal 1 12, the other end being connected to the matching box casing 105a. One end 
of the second variable capacitor 1 15 is connected to the high-frequency input terminal 1 12, 
the other end being connected to the high-frequency output terminal 1 14. Also, a straight 
line forming the center axis of the second vai iable capacitor 1 15, a straight line forming the 
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center axis of the high-frequency output teiminal 1 14, a straight line forming the center axis 
of the high-frequency coupling device (mount) 106, a straight line forming the center axis 
"offhe counter electrode 10 /, and a straight Ime torming the center axis of the substrate 109 
are arranged so as to be generally coincident together. Also, the first variable capacitor 113 
and the second variable capacitor 1 1 5 are arranged so that the straight line forming the center 
axis of the second variable capacitor 1 15 and a straight line forming the center axis of the 
first variable capacitor 1 13 are generally coincident with each other. Further, a substantial 
distance 19 from the other end of the second variable capacitor 1 15 to the coxmter electrode 
107 is 1/15 (20 cm) of the wavelength (3 m) of the high-frequency power, as one example. 
[0143] Fig. 20 shows results of measuring ion saturation current density at a position 
just 20 nun above the substrate 109. Conditions for plasma generation are gas type of Clj 
and gas flow rate of 100 seem, a pressure of 2 Pa, and a high-frequency power of 1 kW, as 
one example. Also, Fig. 19 shows the measuring position in Fig. 20. It can be understood 
from Fig. 20 that nonuniformity of plasma as shown in Fig. 25, where plasma density is 
higher on one side of the measuring position, cannot be seen. 

[0144] The reason why the uniformity of plasma is improved like this as compared 
with the plasma processing apparatus shown in Fig. 24 of the prior art example could be 
considered as follows. In the case where a high-frequency power of 50 MHz or higher is 
used, there develops a potential disbibution in the counter electiode 107 under the effect of 
the arrangement of the second variable capacitor 115 within the matching box 105. 
However, in the tenth embodiment of the present invention, the potential distribution 
developed on the counter electrode 107 becomes concentric because of the arrangement in 
which a straight line forming the center axis of the second variable capacitor 1 15, a straight 
line forming the center axis of the high-frequency output terminal 1 1 4, a straight line forming 
the center axis of the high-frequency coupling device (mount) 106, a straight line forming 
the center axis of the coimter electrode 107, and a straight line fonning the center axis of the 
substrate 109 are generally coincident together. As a result, the electric fields within the 
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vacuum chamber 101 also become concentric so that the uniforaiity of plasma can be 
improved. 

[trr^] The loregomg tenth embodiment of the present invention has been described 
for the case where the coimter electrode 107 is used to generate plasma. However, the 
present invention is also effective for cases where a spiral antenna 120 is used as in an 
eleventh embodiment of the present invention shown in Fig. 2 1 , In addition, in the eleventh 
embodiment of the present invention shown in Fig. 21, a dielectric window 121 is used. 
[0146] Also, the foregoing tenth and eleventh embodiments of the present invention 
are given only by way of example as part of many variations of the configuration of the 
vacuum chamber 101, the configuration and arrangement of the counter electrode 107 or 
antenna 120, the configuration and arrangement of the dielectric 121, and the like within the 
application scope of the present invention. It is needless to say that the present invention 
may be applied in other various ways besides the examples given above. For example, 
whereas the tenth embodiment of the present invention has been described for a case where 
the counter electrode 107 is circular shaped, the counter electrode may also be formed in a 
polygonal, elliptical, or other shape. Also, whereas in the foregoing case, the antenna 120 
is spiral shaped, the antenna may be fonned in a flat-plate, spoke, or other shape. 
[0147] The foregoing 10th and 1 1th embodiments of the present invention have been 
described for the case where the high-frequency power of 100 MHz is supplied to the 
counter electrode 107 or antenna 120. However, the frequency is not limited to this and the 
present invention is effective for cases where frequencies of 50 MHz to 300 MHz are used. 
If the frequency is lower than 50 MHz, the uniformity of plasma can be easily obtained even 
without applying the present invention. Also, if the frequency is higher than 300 MHz, it is 
difficult to take impedance matching by using two variable capacitors, giving rise to a need 
for taking impedance matching by stubs. 

[0148] Also, the 10th and 11th embodiments of the present invention have been 
described for a case where the first variable capacitor and the second variable capacitor are 



-32- 



arranged so that the straight line forming the center axis of the second variable capacitor and 
the straight line forming the center axis of the first vaiiable capacitor are generally coincident 
with each other. However, because the potential distribution developed at the counter 
electrode 107 is affected primarily by the arrangement of the second variable capacitor, the 
uniformity of plasma is greatly improved, as compared with the prior art, also when the 
straight line forming the center axis of the second vai iable capacitor 115 and the straight line 
forming the center axis of the first variable capacitor 1 13 are not coincident with each other 
as in a 12th embodiment of the present invention shown in Fig. 22. Such a constitution as 
shown in Fig. 22 is effective for cases where the matching box needs to be downsized, the 
constitution being included in the application scope of the present invention. 
[01 49] Also, the 1 2th embodiment of the present invention has been described for the 
case where the matching box has variable capacitors by way of example. However, the 
present invention produces similar effects also with a matching box having reactive elements 
such as variable inductors, fixed capacitors, or fixed inductors, 

[0150] Also, whereas the 12th embodiment has been described for the case where the 
other end of the second variable capacitor 1 15 and the high-frequency output terminal are 
provided as separate members. However, the high-frequency output terminal 1 14 may be 
provided as the other end of the second variable capacitor 1 15 itself, as in a 13th embodiment 
of the present invention shown in Fig. 23. 

[0151] Also, the 10th embodiment of the present invention has been described on the 
case where the substantial distance from the other end of the second variable capacitor 115 
to the counter electrode 107 is 1/15 of the wavelength of the high-frequency power. It is 
desirable that the substantial distance from the other end of the second variable capacitor 115 
to the counter electrode 107 or antenna 120 be 1/10 or less of the wavelength of the 
high-frequency power. If the substantial distance from the other end of the second variable 
capacitor 1 15 to the counter electrode 107 or antenna is larger than 1/10 of the wavelength 
of the high-frequency power, the inductance from the other end of the second variable 
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capacitor 1 15 to the counter electrode 107 or antenna becomes too large, making it difficult 
to take impedance matching with two variable capacitors. 

-fe-the-foregoittg-embodimenis, any one of the embodiments can be combined 

with any other one of the embodiments. For example, Fig. 29 is a sectional view showing 
the constitution of a plasma processing apparatus where the plasma processing apparatus in 
the tenth embodiment of the present invention in Fig. 1 9 and the plasma processing apparatus 
in the modification of the third embodiment of the present invention in Fig. 27 are combined 
with each other. Fig. 30 is a sectional view showing the constitution of a plasma processing 
apparatus where the plasma processing appaiatus in the eleventh embodiment of the present 
invention in Fig, 21 and the plasma processing apparatus in the modification of the eighth 
embodiment of the present invention in Fig. 28 are combined with each other. Such a 
combination can obtain both of the effects of the combined embodiments. 
[0153] As apparent from the above description, the matching box of the present 
invention is for use in a plasma processing apparatus and for taking impedance matching in 
supplying high-fi*equency power to a load. The matching box comprises a high-firequency 
input terminal; a first reactive element having one end connected to the high-frequency input 
terminal and the other end connected to a matching box casing; a high-frequency output 
terminal; and a second reactive element having one end connected to the high-frequency 
input terminal and the other end connected to the high-frequency output terminal. The 
second reactive element and the high-frequency output terminal are arranged so that the 
second reactive element is located on a sti aight line passing through a center axis of the 
high-frequency output terminal. Thus, uniform plasma can be generated so that the substrate 
can be uniformly processed. 

[0154] Also, the matching box of the present invention is for use in a plasma 
processing apparatus and for taking impedance matching in supplying high-frequency power 
to a load. The matching box comprises a high-frequency input terminal; a first variable 
capacitor having one end connected to the high-frequency input terminal and the other end 
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connected to a matching box casing; a high-frequency output terminal; and a second variable 
capacitor having one end connected to the high-frequency input terminal and the other end 
-SGnneeted-to-the-high=freqa:errcy"output terminal, i he second variable capacitor and the 
high-frequency output terminal are arranged so that the second variable capacitor is located 
on a straight line passing through a center axis of the high-frequency output terminal. Thus, 
uniform plasma can be generated so that the substi ate can be uniformly processed. 
[0155] Also, the plasma processing method of the present invention includes 
generating plasma within a vacuum chamber and processing a substrate placed on a substrate 
electrode within the vacuum chamber. The method comprises arranging a straight line 
passing through a center axis of the high-frequency coupling device, a straight line passing 
through a center axis of the counter electrode or antenna, and a straight line passing through 
a center axis of the substrate so as to be generally coincident together. The interior of the 
vacuum chamber is maintained at a specified pressure by intioducing a gas into the vacuum 
chamber and, simultaneously therewith, exhausting the interior of the vacuum chamber. The 
plasma is generated by applying a high-frequency power having a frequency of 50 MHz to 
300 MHz to a counter electrode or antenna provided opposite to the substrate via the 
matching box as defined in Claim 28, and a high-frequency coupling device is provided to 
connect a high-frequency output terminal of the matching box and the counter electrode or 
antenna to each other. The substrate is processed by using the generated plasma. Thus, 
uniform plasma can be generated so that the substi ate can be uniformly processed. 
[0156] Also, the plasma processing method of the present invention is for generating 
plasma within a vacuum chamber and processing a substrate placed on a substrate electrode 
within the vacuum chamber. The method comprises arranging a straight line passing through 
a center axis of the high-frequency coupling device, a straight line passing through a center 
axis of the counter electrode or antenna, and a straight line passing through a center axis of 
the substrate so as to be generally coincident together. The interior of the vacuum chamber 
is maintained at a specified pressme by intioducing a gas into the vacuum chamber and. 
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simultaneously therewith, exhausting the interior of the vacuum chamber. The plasma is 
generated by applying a high-frequency power having a frequency of 50 MHz to 300 MHz 
40-a-eountef^l€Ctfode-orantennaTjrovrd^^ opposite lo the substrate via the matching box as 
defined in Claim 33, and a high-frequency coupling device is provided to connect a 
high-frequency output terminal of the matching box and the counter electrode or antenna to 
each other. The substrate is processed by using the generated plasma. Thus, uniform plasma 
can be generated so that the substrate can be uniformly processed. 
[0157] Also, the plasma processing apparatus comprises a vacuum chamber; a gas 
supply unit for supplying gas into the vacuum chamber; an evacuating device for evacuating 
the interior of the vacuum chamber; a substrate electrode for placing thereon a substrate 
within the vacuum chamber; a counter electiode or an antenna provided opposite to the 
substrate electrode; a high-frequency power supply capable of supplying a high-frequency 
power having a frequency of 50 MHz to 300 MHz to the counter electrode or antenna; the 
matching box as defined in the 28th aspect; and a high-frequency coupling device for 
connecting the high-frequency output teiminal of the matching box and the counter electrode 
or antenna to each other. A straight line passing through a center axis of the high-frequency 
coupling device, a straight line passing through a center axis of the counter electrode or 
antenna, and a straight line passing thi ough a center axis of the substrate are arranged so as 
to be generally coincident together. Thus, uniform plasma can be generated so that the 
substrate can be uniformly processed. 

[0158] Also, the plasma processing apparatus comprises a vacuum chamber; a gas 
supply unit for supplying gas into the vacuum chamber; an evacuating device for evacuating 
the interior of the vacuum chamber; a substrate electrode for placing thereon a substrate 
within the vacuum chamber; a counter electrode or an antenna provided opposite to the 
substrate electrode; high-frequency power supply capable of supplying a high-frequency 
power having a frequency of 50 MHz to 300 MHz to the counter electrode or antenna; the 
matching box as defined in the 33rd aspect; and a high-frequency coupling device for 
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connecting the high-frequency output terminal of the matching box and the counter electrode 
or antenna to each other. A straight line passing through a center axis of the high-frequency 
9Gupling-devicera-str^^t"liiK;-passiiig ihiough a center axis ot the coimter electrode or 
antenna, and a straight line passing through a center axis of tlie substrate are arranged so as 
to be generally coincident together. Thus, uniform plasma can be generated so that the 
substrate can be uniformly processed. 

[0159] Although the present invention has been fully described in coimection with the 
preferred embodiments thereof with reference to the accompanying drawings, it is to be 
noted that various changes and modifications aie apparent to those skilled in the art. Such 
changes and modifications are to be understood as included within the scope of the present 
invention as defined by the appended claims unless they depart therefrom. 



-37- 



